The paper addresses the following problems: (1) a brief survey on wireless mobile communication technologies including evolution, history evolution (e.g., chain of system generations 0G, 1G, 2G, 3G, 4G, 5G, 6G, 7G); (2) using a hierarchical structural modular approach to the generations of the wireless communication systems (i.e., hierarchical combinatorial modeling of the communication technologies), (3) illustrative usage of two-stage combinatorial approach to improvement/forecasting of the communication technology (a version of 5G) (on the basis of multiple choice problem). Numerical examples illustrate the suggested combinatorial approach.
Introduction
Recently, in many engineering domains several technology generations are under study, design and forecasting processes. Some examples of applied system generations are pointed out in Table 1 . As a result, special methods have to be suggested and used for the modeling the system generations changes/evolution and system forecasting. Anti-aircraft weapon systems S75, S125, S200, S300, S400, S500 [6, 10, 29] (Russia) 4.
Anti-aircraft weapon systems "Krug", S300V, S300VM, S300V4 [6, 10, 29] for ground forces (Russia) 5 .
Standard for multimedia MPEG, MPEG-2, MPEG 4 [75, 78] information transmission 6.
Wireless mobile 0G, 1G, 2G, 3G, 4G, 5G, 6G, 7G [12, 30, 35, 38, 47 ] communication [88, 112, 115, 130] In recent years, many research studies are targeted to issues of history and evolution of networking, challenges and forecasting in communications (including network architecture, network functions, network topology, etc.) ( Table 2) . Evolution: 2G, 3G, 4G; challenges in the migration to 4G mobile systems [48] 
4.
Technological changes in the innovation system towards 4G mobile service [119] (including evolution: 1G, 2G, 3G, 4G) 5.
Evolution to 4G cellular systems (LTE-Advanced) [5] 6.
Comparative study of 3G and 4G in mobile technology [62] 7.
Evolution of wireless communication (1G, 2G, 3G, 4G, 5G; [1] shift toward green communication) 8 .
Evolution of mobile wireless communication networks (1G, 2G, 3G, 4G, 5G) [20, 102, 112] 
9.
Comprehensive study about evolution of different mobile generation [88] technologies (0G to 5G mobile technology: survey) 10 .
Comparative studies on 3G, 4G and 5G wireless technology [30] 11.
5G on the horizon: key challenges for the radio-access network [27] 
12.
Radio access network evolution [127] History and challenges in network function virtualization [23, 91, 127] In general (from the viewpoint of innovation processes), the following four classes of the impacts of new technologies in communications can be considered [2, 15, 69, 73, 75] :
1. Local evolutions/modifications (minor changes, e.g., new coding, signaling support for a higher number of antennas): 1.1. at the node level, 1.2. at the architectural level.
2. Component changes: disruptive changes in the design of a class of network nodes (e.g., new waveform).
3. Architectural changes (disruptive changes in the system architecture): 3.1. changes of nodes/node functions (e.g., new types of nodes or new functions in existing ones), 3.2. changes of system architecture (e.g., system topology), 3.3. system extension (e.g., addition of a new system part).
4. Radical changes: disruptive changes that have an impact at both the node and the architecture levels. Tables 3 and Table 4 contain improvement technological directions in wireless mobile systems. Traditionally, studies of change/improvement/evolution for applied technical systems are based on engineering analysis of existing technologies and basic trends for future systems improvements. Recently, an approach of combinatorial modeling for evolution and forecasting of modular systems has been suggested by the author [65, 66, 67, 68, 71, 75, 76] . This combinatorial approach is based on the following: (i) hierarchical modular presentation (as tree-based morphological structure with alternatives for leaf vertices) of the examined system, (ii) analysis of system changes or change items/operations (e.g., between neighbor system generations), (iii) assessment of the system changes (change items/operations) upon criteria (e.g., cost, prospective utilities); (iv) modeling of the system improvement/forecasting process as combinatorial optimization problems: (a) multicriteria selection of the best change items, (b) selection of the best change items while taking into account the total resource requirement for the selected items (knapsack-like models); (c) selection of the best change items while taking into account the compatibility among the selected items (morphological clique problem). Note, special mathematical studies of discrete processes in evolution based on trees with application to phylogeny (including trees, metric on tree spaces, composition and decomposition of trees, compatibility of trees) are contained in [118] .
This article focuses on using the above-mentioned author combinatorial approach to generations of wireless mobile communication systems (system modeling and changes). The described numerical illustrative examples (for generations of mobile communication system, for the system improvement process) can be used as a basis for the future modular system analysis (i.e., improvement, forecasting).
Generations of wireless communication systems
In recent years, several special research projects have payed attention to evolution of wireless communication systems (e.g., [13, 30, 35, 48, 52, 61, 88, 112, 115, 119, 130] ). Evolution of wireless communications is based of communication standard generations. Basic evolution chain of wireless technology generations is presented in Fig. 1 , a network-like evolution process is depicted in Fig. 2 . Table 5 contains descriptions of the generations: [70, 75, 96, 120] (Fig. 3): 1. Backbone network.
2. Set of regional network clusters as interconnected network segments including the following: (a) additional centers (ie., hubs), (b) cross-connections, and (c) bridges.
3. Access network/network segment (cluster): (e.g., bi-connected topology, about 20 nodes). 4. Distributed network: a simple hard topology (e.g., bus, star, tree, ring). 5. Layer of end-users (clients).
Fig. 3. Example of multi-layer communication network
A three-layer network topology based on central hub subnetwork is depicted in Fig. 4 : (1) layer of terminal nodes (clients/end users), (2) layer of hubs and/or composite hubs, and (3) layer of subnetwork of central hubs. Fig. 4 . Three-layer network architecture Central hub subnetwork
An illustrative scheme of functional multi-layer architecture for 5G system is depicted in Fig. 5 [82] . 
.. Access networks layer: radio access technologies Table 6 contains a description of hierarchical six-layer architecture of space information networks (SINs) [39, 83, 106, 132] . Thus, the structure of the communication system S can be presented as the corresponding seven-part morphological hierarchy (Fig. 6) , where for each layer κ = 1, 7 alternative implementation versions are: 
System structure Layer 1 sL
Layer 3 sL
Layer 5 sL
... L
q7
Another hierarchical internetworking model for enterprise networks (a three-layer model for network design) has been proposed by Cisco [109] (Fig. 7): 1. Access layer: connecting client nodes (e.g., workstations) to the network. 2. Distribution layer (work group layer): management of routing, filtering, and QoS policies, management of individual branch-office WAN connections.
3. Core layer (core network): high-speed, highly redundant forwarding services to move packets between distribution-layer devices in different regions of the network (core network devices manage the highest-speed connections). 1 routing R, 2.1.2. filtering F , 2.1 
System structure sP 1 P In this paper, the following hierarchical structure of wireless mobile technologies is suggested (simplified version) (Fig. 10) : Fig. 10 . Hierarchical structure of wireless mobile system generations Hierarchical system structure As a result, the following modular system descriptions can be examined:
(1) S 1G = (B 
Illustrative example of two-stage system improvement
In this section, an illustrative example of two-stage system improvement for 5G communication technology is described:
is the system after the improvement
is the system after the improvement stage 2. This kind of the improvement problem may be of interest to a communication company/organization. Note, seven basic combinatorial engineering frameworks (design of system hierarchical model, system evaluation, detection of system bottlenecks, system design, system improvement, multistage system design, combinatorial modeling of system evolution, system forecasting) for modular systems have been suggested in [72, 74, 75] . The considered two stage scheme (framework) for two-stage modular system improvement (or forecasting) is depicted in Fig. 11 . 
In general, it is possible to generate (e.g., engineering analysis) a set of change/improvement activities (operations), for example as in Table 7 : O = {O 1 , ..., O ι , ..., O 17 }. Table 7 . Generated improvement activities (based on data from Table 3, Table 4 Here, a modular system improvement is examined. The initial technology generation under examination is: S 5G = (B for stage 1 is depicted in Fig. 12 . Descriptions of the improvement operations and their estimates are contained in Table 8 .
The corresponding multiple choice model for S 5G ⇒ S x ι,j ≤ 1 ∀ι = 1, 6, ∀j = 1, q ι ∀x ι,j ∈ {0, 1}.
A simplified greedy heuristic is used (i.e., series packing of items via value cι,j bι,j .)
Composite improvement (stage 1) for stage 2 is depicted in Fig.  13 . Descriptions of the improvement operations and their estimates are contained in Table 9 . The corresponding multiple choice model for S In general, more complex models can be used at each improvement (or forecasting) stage (e.g., multicriteria models, combinatorial synthesis approach). As a result, several solutions can be obtained and the structure of the improvement (forecasting) strategy(ies) will be more complex (e.g., tree, parallel-series graph, network).
Conclusion
The article describes an attempt to examine the evolution of wireless mobile communication technologies/systems on the basis of the author combinatorial approach. The approach is based on a hierarchical modular model of the system under study and an analysis of changes between the system generations to collect a set of basic change operations (change items). The application numerical illustrative examples are based on expert judgment.
Some future research directions can include the following: 1. analysis of system improvement/evolution (or forecasting) for complex applied systems in various domains (e.g., software engineering, data based management systems, computer engineering); 2. special analysis (i.e., improvement, evolution, forecasting processes) of subsystems, for example: (i) multi-antenna technologies (e.g., MIMO, MU-MIMO), (ii) multiple HetNets (at the same area), (iii) network architecture/topology, and (iv) multiplexing/access technologies; 3. analysis of correlations between two fields: (a) improvement/evolution/forecasting processes, (b) innovation processes and innovation cycles; 4. designing a special support computer-aided tool to implement the described combinatorial approach; and 5. usage of the considered approach to structural system evolution and forecasting in education (CS, applied mathematics, engineering, management).
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